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(57) ABSTRACT

A display device is provided that controls, considering affec-
tion due to a watcher’s age and his viewing distance as
human-visual characteristics, a display-screen brightness
level at which the watcher does not feel glare. The display-
screen brightness is most suitably set by simple calculation
using relationships among watcher’s ages, display sizes,
glare levels, and screen-illuminance levels, etc. obtained by a
subjective-assessment experiment. According to this display
device, considering watcher’s various conditions such as the
age, the visual acuity, and the viewing distance, even if the
watcher watches the display for a relatively long time, the
watcher does not feel tiredness; thus, comfortable watching
can be achieved.

CPC ..ot HO4N 5/20; HO4N 5/44; HO4N 5/57,
HO4N 5/58; HO4N 9/73; HO4N 9/77 17 Claims, 4 Drawing Sheets
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1
IMAGE DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image display devices.

2. Description of the Prior Art

Recently, in television sets used in general homes, a flat-
panel display such as a liquid-crystal display device or a
plasma display device has become popular instead of a
Braun-tube display. The technology of a high-luminance flat-
panel display has progressed with the improvement of device
performance. However, although the technology of a high-
luminance display device improves the visibility thereof, the
technology has also led an important cause of tiredness or
eye-fatigue due to glare feeling.

Moreover, a problem has also occurred that the cost of
electric-power consumption increases with the high lumi-
nance of the liquid-crystal display device or the plasma dis-
play device.

Accordingly, a method is generally used in which, by
installing into a display device a light receiving element for
measuring the brightness level of the environment thereof, the
display luminance of its screen is controlled with the envi-
ronmental brightness. When the environment is relatively
dark, the display luminance is set lower, while when the
environment is relatively light, the display luminance is set
higher. Thus, the visibility can be secured in the light envi-
ronment, the glare feeling can be prevented, and the electric-
power consumption can also be reduced.

For example, in a conventional display device, based on the
peripheral light of the display screen, the screen luminance is
automatically controlled to a brightness level at which an
observer can comfortably see the screen. Specifically, the
light receiving element is placed, towards the observer, close
to the display screen. The brightness level dose to the display
screen is measured by this light receiving element. The range
of the display-screen luminance is calculated based on this
measurement result, and the brightness level of the display
device is controlled. The luminance of the display screen is
calculated from the brightness level dose to the display screen
and a constant number (Japanese Laid-Open Patent Publica-
tion No. 1994-308891).

Moreover, in another conventional display device, the
brightness is adjusted to personal preference. In this control
method, any one of plural functions is selected, which have
been preset to calculate the luminance where the environmen-
tal illuminance is set as a parameter. The luminance corre-
sponding to the environmental illuminance is obtained based
on the selected function. Back light is lightened with the
obtained luminance. The environmental brightness is mea-
sured using a brightness sensor similarly to the method dis-
closed in Patent Document 1, and by selecting a predeter-
mined luminance-control setting value, comfortable
environment that is matched to the personal preference is set
(Japanese Laid-Open Patent Publication No. 2002-323690).

SUMMARY OF THE INVENTION

However, the human eye is affected by all light rays in the
field of view. Therefore, the glare feeling that a watcher feels
is caused not only by light from the image display device, but
also by that from the background region of the device. More-
over, the visual acuity, the age, and the viewing distance, etc.
ofthe watcher are also considered to be related. Therefore, the
conventional method, in which only the environmental
brightness level is measured, and the brightness level of the
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display device is controlled, can neither necessarily nor suf-
ficiently reflect the watcher’s preference.

An objective of the present invention, which is made to
solve the above described problem, is to provide an image
display device in which the brightness of a display screen is
controlled so as to be suited to the characteristics of the
environmental brightness and a watcher by calculating the
screen luminance level using parameters such as information
corresponding to the visual acuity and the age of the watcher,
the size of the image display device, the viewing distance, and
the illuminance on the face of the display.

An image display device according to the present invention
includes a display screen, a screen-illuminance measurement
unit for measuring the illuminance level close to the display
screen, a setting unit for setting watcher information, a
screen-luminance controller for determining the maximum
luminance level of the display screen, and a calculator for
creating information for determining the maximum lumi-
nance level based on the illuminance level dose to the display
screen and the watcher’s information.

According to the present invention, an image can be dis-
played with appropriate brightness corresponding to various
environmental brightness levels and the age group of watch-
ers. Also, in a case in which the watcher watches the screen for
a relatively long time, the tiredness of the watcher can be
reduced. Moreover, by controlling the brightness of the
screen, the reduction of the electric-power consumption can
also be achieved.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram illustrating an image display
device according to Embodiment 1 of the present invention;

FIG. 2is aview illustrating a subjective-assessment experi-
ment with respect to a background luminance level and a
display-screen luminance level at which a watcher begins to
feel glare;

FIG. 3 is a view representing relationships among the sizes
of display patterns, viewing distances, and viewing angles;

FIG. 4 is an explanatory view of brightness related to the
field of view and glare; and

FIG. 5 is a graph representing relationships between screen
illuminance of a television set and background luminance
according to Embodiment 2 of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

FIG. 1is ablock diagram representing a configuration of an
image display device according to Embodiment 1 of the
present invention. The image display device according to
Embodiment 1 includes a screen-illuminance measurement
unit 1, a set-condition input unit 2, a background-luminance
calculator 3, a memory 4, a luminance-control constant cal-
culator 5, a brightness-feeling luminance calculator 6, a
screen-luminance controller 7, a display-panel driver 8, a
video-signal luminance calculator 9, a display screen 10, a
visual-constant calculator 11, a video-signal analyzer 12, a
viewing-angle-constant calculator 13, and an imaging unit
14. Here, hereinafter, the background-luminance calculator
3, the luminance-control constant calculator 5, the bright-
ness-feeling luminance calculator 6, the visual-constant cal-
culator 11, and the viewing-angle-constant calculator 13 may
also be collectively called as a calculator.

The screen-illuminance measurement unit 1 is a light
receiving element placed, towards a watcher, close to the
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display screen 10. The light receiving element is, for example,
configured of a silicon photodiode whose visual sensitivity is
compensated and an amplifier. The set-condition input unit 2
includes a remote-controller light-receiving unit. The set-
condition input unit 2 can receive various conditions by a
watcher’s operation using a remote controller which is not
illustrated in the figure. The imaging unit 14 includes an
image sensor and an image processing unit. The imaging unit
14 takes a watcher’s image. The imaging unit 14 can obtain,
based on the image, not only the distance between the watcher
and the display screen 10 (the viewing distance) but the
watcher’s age by image processing.

On the other hand, the human eye is affected by all light
conditions from his visual field. As represented in FIG. 2, the
visual field of a watcher 20 can be separated into two regions.
One region is affected by the display screen 10 of the image
display device (a television-screen region 21). The other
region is affected by the environment (a background lumi-
nance region 22). Here, the glare-feeling level is assumed to
be affected by the area ratio between the brightness level of
the television-screen region and the brightness level of the
background luminance region inside the visual field. The
glare-feeling level relates to the brightness level and the dis-
play area of the display device, the brightness level of the
background, and the visual acuity and the viewing distance of
the watcher 20, etc. Therefore, even if a simple method is
carried out in which the brightness of the display device is
controlled only by measuring the environmental brightness
level, it is not necessary to reflect the watcher’s preference. In
order to most suitably control the brightness of the display
screen automatically, it is necessary to reflect the size and the
brightness of the display device, the viewing distance
between the display device and the watcher, and the visual
acuity and the age of the watcher.

A result of a preliminary experiment that has been previ-
ously performed to clear the above objective is explained in
detail.

A relationship was obtained between a screen illuminance
Ei and a background luminance La when the brightness of a
room where an image display device is placed is varied by
lighting, etc. Here, the screen illuminance FEi is an illumi-
nance measured dose to the center of the display screen when
the display screen 10 is switched off. When the screen illu-
minance Ei is measured, illuminometer is set towards the
watcher. On the other hand, the background luminance is an
average luminance obtained by image processing based on a
fisheye image with a sight of 180 degrees from an arbitrary
point at which the watcher is assumed to stand towards the
display screen. The display device is placed at the center of
the sight. However, when the background luminance was
calculated, the luminance of this display device itself was
excluded from the calculation. That is, the background lumi-
nance is the average luminance of only the background of the
display device. As a result, it was found that the screen illu-
minance Ei and the background luminance La can be favor-
ably approximated by a linear relational expression. That is,
the background luminance can be expressed by:

La=RexEi (€8]

where Re is a constant determined by the reflectivity of the
room-wall, the room shape, or the relative position between
the image display device and the watcher, etc. In the display
device according to the present invention, Re can be set to a
suitable value. The background-luminance calculator 3 cal-
culates the background luminance La from the screen illumi-
nance Ei based on Equation (1).

10

15

20

35

40

45

50

55

60

65

4

The background luminance La calculated is recorded in the
memory 4. The background luminance La having been
recorded is transmitted to the brightness-feeling luminance
calculator 6 as a parameter.

FIG. 3 is a result of relationships, obtained by an explana-
tion, between the background luminance La to be a funda-
mental concept of functions set in the brightness-feeling
luminance calculator 6 and a display-screen luminance L.w at
which a watcher begins to feel glare. As the explanation,
circular patterns, whose sizes are different from each other, on
the display screen 10 (viewing angle of 1 degree, 5 degrees,
and 25 degrees) are presented to 20 young people aged from
18 to 24 years and 24 senior people aged from 65 to 80 years,
under each light environment where the background lumi-
nance La is 5, 20, or 80 cd/m?; thus, subjective assessment
was performed in response to the glare feeling. Here, the
subjective assessment was defined to be an item related to the
glare feeling, and four-step assessment was performed.

Here, the viewing angle ¢ of the circular pattern can be
obtained by the following equation using the viewing dis-
tance L that is the distance between the display screen 10 and
the watcher and the area S of the circular pattern.

¢=2xTan"}((VSTm)/L) @

In the experiment, the viewing distance was fixed to 1 m.
Thus, at each viewing angle under each light environment, the
luminance Lw at which each watcher begins to feel glare was
obtained by gradually increasing the luminance of the circu-
lar pattern on the display screen 10. Each luminance value at
which each watcher begins to feel glare was set to Lw, and
each average values for the 20 young people and 24 senior
people were plotted in FIG. 3. Equation (3) as a relationship
between the background luminance La at each viewing angle
and the display-screen luminance L'w having been obtained
by the assessment of the glare-feeling beginning was obtained
from this experimental result.

Lw=kxLa“ 3)

Here, o. is the visual constant, and k is the luminance
control constant. The visual constant o is a constant related to
the age and the viewing angle ¢. Moreover, the luminance
control constant k is a constant mainly related to the viewing
angle ¢, that is, related to the display size and the viewing
distance L.

Next, an operation according to the present invention is
described.

The screen-illuminance measurement unit 1 is placed
towards the watcher. The screen-illuminance measurement
unit 1 measures the illuminance dose to the center of the
display screen 10 (screen illuminance) during the display
screen 10 being switched off, and outputs the measurement
result into the background-luminance calculator 3. Here, if
the screen-illuminance measurement unit is difficult to be
placed dose to the center of the display screen 10, by placing
the screen-illuminance measurement unit dose to the display
screen 10, an illuminance measured at that point may also be
approximated as the screen illuminance.

By a remote control operation, etc., the set-condition input
unit 2 receives information including the age and the visual
acuity of the watcher, the background-luminance calculation
constant Re used for the background luminance calculation,
and the viewing distance. The set-condition input unit 2 out-
puts the received information into the memory 4. Here, if the
information such as the age is not inputted by the remote
control operation, etc., a default value predetermined may be
used. Moreover, by obtaining the viewing distance and the
age by image processing using the watcher’s image taken by
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an imaging device provided on the imaging unit 13, the result
obtained may be outputted into the set-condition input unit 2.

A screen illuminance Ei outputted from the screen-illumi-
nance measurement unit 1, and the background-luminance
calculation constant Re outputted from the memory 4 are
inputted into the background-luminance calculator 3. The
background-luminance calculator 3 calculates the back-
ground luminance La based on Equation (1), and outputs the
result into the memory 4. This background luminance La is
then outputted from the memory 4 to the brightness-feeling
luminance calculator 6.

The viewing distance stored in the memory 4 is inputted
into the viewing-angle-constant calculator 13. Moreover, in
the video-signal analyzer 12, the video signals are analyzed,
and the effective area of the video patterns displayed on the
display screen 10 is calculated. The calculation result is out-
putted to the viewing-angle-constant calculator 13. The view-
ing-angle-constant calculator 13 finds the viewing angle ¢
based on Equation (2) according to the information. The
viewing angle ¢ is recorded in the memory 4. Here, as the
effective area of the video pattern, the area of the display
screen may be simply used, or an area obtained by multiply-
ing the area of the display screen and a constant smaller than
1 may also be used. According to this operation, the video-
signal analyzer 12 can be omitted.

The viewing angle ¢ recorded in the memory 4 is outputted
to the luminance-control constant calculator 5. In the lumi-
nance-control constant calculator 5, the luminance-control
constant k is obtained using the inputted viewing angle ¢.
When the luminance-control constant k is obtained, a table
that gives the luminance-control constant k from the viewing
angle ¢ may be used, or the luminance-control constantk may
also be obtained by calculating an appropriate function that
can be obtained from the experimental result represented in
FIG. 3. The obtained luminance-control constant k is
recorded in the memory 4. Here, the luminance-control con-
stantk is mainly determined by the viewing angle ¢. However,
the luminance-control constant k also depends on the age.
Therefore, it is also effective that the luminance-control con-
stant calculator 5 receives the age information from the
memory 4, and thus, the luminance-control constant k is more
accurately obtained using the age as well as the viewing angle
.

The age and the viewing angle ¢ stored in the memory 4 are
inputted into the visual-constant calculator 11. The visual-
constant calculator 11 includes a table for selecting from the
above information a corresponding visual constant o (which
can be obtained from the experimental result represented in
FIG. 3). The visual-constant calculator 11 selects a visual
constant o suited to the watcher’s visual condition. The
selected visual constant « is recorded in the memory 4. Here,
if necessary, the watcher’s visual acuity stored in the memory
4 is inputted, and using this in addition to the watcher’s age
and viewing angle ¢, the visual constant o may be deter-
mined. By this manner, a further suitable visual constant o
can be determined.

The background luminance La, the luminance control con-
stant k, and the visual constant o are outputted from the
memory 4 to the brightness-feeling luminance calculator 6.
The brightness-feeling luminance calculator 6 calculates,
based on Equation (3) using the information, the luminance
Lw at which the watcher begins to feel glare. The luminance
Lw calculated is outputted to the screen-luminance controller
7.

The screen-luminance controller 7 determines, based on a
video-signal luminance distribution, etc. obtained by the
video-signal luminance calculator 9, and L'w obtained by the
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6

brightness-feeling luminance calculator 6, the maximum
luminance value of the video signals so as to be displayed at
a brightness level that the watcher does not feel glare. Then,
the screen-luminance controller 7 outputs to the display-
panel driver 8 signals for controlling the brightness of the
display screen 10. The display-panel driver 8 controls the
luminance of the display screen based on these signals.

Based on the values of the set conditions such as the age,
the viewing distance, the display size, and the background
luminance, by installing into an image display device a sys-
tem that can obtain a brightness level suited to the watcher’s
visual characteristics, the images can be displayed with a
suited brightness level for every age watcher in various
brightness environment. Also, in a case in which the watcher
watches the screen for a relatively long time, the tiredness of
the watcher can be reduced. Moreover, by controlling the
brightness of the screen, the reduction of the electric-power
consumption can also be achieved.

Moreover, it is found, from the experimental result repre-
sented in FIG. 2, to be suitable that the luminance at which the
watcher begins to feel glare is calculated by applying the
value of the visual constant of ¢=0.31-0.43 to young people,
and that of a=0.26-0.35 to senior people. Generally, by using
each intermediate value thereof, the simplification of the cal-
culation and the reduction of the memory requirements
become possible.

By fixing the visual constant ., the calculation of the
visual-constant calculator 11 can be simplified, and the
visual-constant calculator 11 can also be omitted.
Embodiment 2

FIG. 5 is a plot of results that the screen illuminance Ei and
the background luminance La are measured in each room,
where a television set is placed, of 50 general homes. Straight
lines are drawn in FIG. 5 when the factors Re in Equation (1)
are “1.0” and “0.2”. In general home environment, by setting
the background-luminance factor Reto a value not larger than
1.0, the entire home environment can be reflected. Moreover,
in general environment, it can also be found to be suitable
when using 0.2 as the factor.

By fixing the background-luminance factor Re, calculation
using the background-luminance calculator 3 can be simpli-
fied, or the background-luminance calculator 3 can also be
omitted.

What is claimed is:

1. An image display device comprising:

a display screen;

a screen-illuminance measurement unit for measuring the
illuminance level close to the display screen;

a setting unit for setting watcher information including
information representing an age of the watcher;

a calculator for determining the maximum luminance level
based on the illuminance level close to the display screen
and the information representing an age of the watcher;
and

a screen luminance controller for controlling a luminance
level of the display screen in accordance with the maxi-
mum luminance level.

2. An image display device as recited in claim 1, wherein
the screen-illuminance measurement unit measures the illu-
minance level towards the watcher in the state of the display
screen being switched off.

3. An image display device as recited in claim 1, wherein
the watcher information includes the visual acuity of the
watcher.

4. An image display device as recited in claim 1, wherein
the calculator determines the maximum luminance level
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based on the illuminance level close to the display screen, the
watcher information, and a distance between the display
screen and the watcher.

5. An image display device as recited in claim 1, further
comprising an imaging unit for determining an age of the
watcher, the imaging unit comprising an image sensor which
captures an image of the watcher and an image processing
unit which determines the age of the watcher by applying
image processing to the captured image.

6. An image display device as recited in claim 1, further
comprising a detecting unit for detecting a distance between
the display screen and the watcher,

wherein the calculator determines the maximum lumi-

nance level based on the illuminance level close to the
display screen, the watcher information, and the
detected distance.

7. An image display device as recited in claim 4, wherein
the calculator calculates an average background luminance
level of the image display device based on the illuminance
level close to the display screen, and determines the maxi-
mum luminance level based on the average background lumi-
nance level, the watcher information, and the distance
between the display screen and the watcher.

8. An image display device as recited in claim 4, wherein
the calculator calculates, based on the viewing distance and
an effective area of the display screen, an effective viewing
angle of the display screen seen from the watcher, and creates
the information based on the viewing angle, the illuminance
level close to the display screen, and the watcher information.

9. An image display device as recited in claim 7, wherein
the average background luminance level of the image display
device is proportional to the illuminance level close to the
display screen.

10. An image display device as recited in claim 9, wherein
the average background luminance level of the image display
device is proportional to the illuminance level close to the
display screen, and its proportionality factor is not larger than
1.
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11. An image display device as recited in claim 1, wherein
the maximum luminance level is a luminance level smaller
than that at which the watcher begins to feel glare.

12. An image display device as recited in claim 1, further
comprising a display-panel driver for driving a display panel
constituting the display screen, the display-panel driver driv-
ing the display panel so that a luminance level of the display
panel does not exceed the maximum luminance level deter-
mined by the calculator.

13. An image display device as recited in claim 1, wherein
the information representing an age of the watcher indicates
whether the watcher is senior or young.

14. A method implemented in an image display device, the
method comprising:

utilizing a light receiving element to measure an illumi-

nance level close to a display screen of the display
device;

setting watcher information including information repre-

senting an age of the watcher;

determining a maximum luminance level of the display

screen based on the illuminance level close to the display
screen and the information representing an age of the
watcher; and

controlling a luminance level of the display screen in accor-

dance with the maximum luminance level.

15. The method as recited in claim 14, wherein the illumi-
nance level is measured in a state of the display being
switched off.

16. The method as recited in claim 14, wherein the maxi-
mum luminance level is determined based on a distance
between the display screen and the watcher in addition to the
illuminance level close to the display screen and the watcher
information.

17. The method as recited in claim 14, wherein the infor-
mation representing an age of the watcher indicates whether
the watcher is senior or young.
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